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In laser dermatology applications, the process of photon absorption, the reﬂectance and the thermal energy diﬀusion in the target
tissue and its surrounding tissue during laser irradiation is crucial. The aim of the study is to compare the changes of the optical power
absorption per unit volume between shaving and non shaving hair on the skin surface and to demonstrate the eﬀect of shaving of the skin
surface on power absorption by Advanced System Analysis Program (ASAP) techniques. The method is performed to create hair on the
skin surface and also by laser sources. Comparisons of optical power absorption have been performed between the samples of skin before
and after shaving hair using the deviation and ratio of absorption power in each layer. Furthermore, the shape of Gaussian-proﬁle in
stratum corneum and epidermal layer has been compared, respectively. A power absorption of a laser increase in transmittance and
decrease in diﬀuse reﬂectance occurred within a stratum corneum on the skin surface after applying shaved hair of skin. This indicates
that the shaving of hair on the skin surface will have an eﬀect on the eﬃcacy of laser transmission as well as on the shape of the laser
beam.
 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
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Knowledge about the basic principles of light-tissue
interaction is important in all situations where laser-based
techniques are utilized within medicine (Ibrahimi et al.,
2011; Calin and Ion, 2011). Laser hair removal is one of
the most frequently done cosmetic procedures in the world
(Bedewi, 2004; Casey and Goldberg, 2008). Lasers are use-http://dx.doi.org/10.1016/j.jssdds.2013.10.001
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Production and hosting by Elsevierful for removing unwanted hair from the face, leg, arm,
underarm, bikini line, and other areas. The absorption of
light by skin content is directly correlated to the incident
laser photons and the absorption coeﬃcient of the skin
structure. Chromophores with a high coeﬃcient of absorp-
tion will absorb a large amount of photons if the wave-
length of the incident light corresponds to the absorption
band of the chromophore. Conversely, laser light in red
and near infrared region can propagate a long distance
without much attenuation in skin with a low absorption
coeﬃciency (Hare and Wheeland, 2013; Man and
Goldberg, 2013).
Laser beams highly concentrate photons into hair folli-
cles. Pigments in the follicles absorb the light. This destroys
the target. This procedure strongly works with dark hair
because the laser targets the pigment in the follicleSaud University.
ommons.org/licenses/by-nc-nd/3.0/).
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hair above the skin, the light energy will be absorbed and
reﬂected by the hair and not the follicle and the treatment
will not be eﬀective, and the interactions of the laser with
the anatomic facets of hair remain unclear. Investigation
of these diﬀerences may help clarify racial disparities
observed in dermatologic disorders in terms of light
delivery. So far, this type of investigation has not been con-
ducted brieﬂy.
Laser hair removal focuses on the photons absorption
due to the endogenous chromophore melanin, which is
mainly found in the hair shaft, with a small amount present
in the upper third of the follicular epithelium. Further-
more, it concentrates on the reﬂection of photons due to
hair on the skin surface, which is mainly found on the
above stratum corneum.
Light dosimetry was at a starting stage (Gan and
Graber, 2013). With quite diﬃcult experimental data on
the optical scattering and absorption properties of tissue
at wavelengths of interest for determining light distribu-
tions and absorption power in tissue for dermatology,
particularly for human tissues in vivo; only simple models
of light propagation were available, which limited accuracy
under realistic clinical conditions (van Gemert and Welch,
1989). The light transport in the tissue target directly inﬂu-
ences the absorption; it performed Monte Carlo simulation
of the light distribution in a ﬁve-layer model of human skin
tissue, with a pulsed ultraviolet laser beam (Ansari and
Massudi, 2009; Johns et al., 1998). Laser’s application in
medicine is based on the usage of a great number of
phenomena connected with diﬀerent types of coherent
and non-coherent light interaction with tissues. This is
the main ﬁeld of optical medical physics in laser applica-
tions for skin therapy. Longer wavelengths penetrate more
deeply into the skin and reduce scattering in epidermis. The
optical properties of tissue are determined by reﬂection,
absorption, transmission and scattering, as well as the
depth of penetration of optical radiation in living tissue
and tumor tissue.Hair
Epidermis
Dermis L
Stratum Cor
Laser  beam
(a)
Figure 1. Model for the simulation of the reﬂection/absorption properties of hu
hair.Studies of optical properties and evaluations provide
useful models for exploratory experiments on hair removal
by light. In recent years, there has been growing interest in
the ﬁeld of engineered tissue optics and the related issue of
enhancement in epidermal light transport of optical skin
clearing agents (Shirkavand et al., 2012; Fitzgerald et al.,
2003). Furthermore, numerous attempts have been made
to achieve the controlled delivery of light via the skin insys-
tematic therapy by the laser-tissue interaction (Ross et al.,
1999; Grishko et al., 1999; Ash et al., 2012). At present the
best way to study the role of light propagation in the laser
hair removal system to the skin, the ASAP program is a
good candidate to examine the eﬀect of hair on the skin
surface. The eﬃcacy of laser hair removal may be improved
by developing adequate light delivery systems. Optimal
timing, light sources, doses, and number of applications
are also important factors for this procedure and must be
well deﬁned (Town et al., 2012; Vachiramon et al., 2012).
For optimal eﬃcacy, the light must be suﬃcient for an
appropriate rate through the formulation and penetration
of the skin, ideally to reach the target tissue with a suﬃcient
amount of laser (Casey and Goldberg, 2008).
Many factors aﬀect laser skin penetration and create
side eﬀects due to reﬂection and absorption; some of these
factors can signiﬁcantly inﬂuence the outcome of a laser
exposure and risk assessment, while others have a relatively
small inﬂuence (Forslind et al., 1997; Lee et al., 2010; Wiel
et al., 1984). Accordingly, the factors covered in this study
are hair on the skin surface. The objective of this study is to
evaluate the inﬂuence of shaving hair on power uptake in
human skin. An Advanced Systems Analysis Program
(ASAP) technique was used for this purpose.2. Methodology
2.1. Computer simulation
ASAP modeling is a computer simulation that is used to
predict power distribution in laser tissue interaction. The Layer
ayer
enum 
(b)
man skin (a) Before Shaving or (Natural – with hair) and (b) After Shaving
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interacting with the optical properties of the tissue, as
illustrated in Fig. 1. The optical properties of the skin accu-
rately represent the stratum corneum, the epidermis and
the dermis. In this study, ASAP simulation software
version V1R1, 2009, Berault Research Organization was
used. The ASAP program consists of a VOXEL element,
in order to measure the absorption and volume distribution
produced due to laser irradiation in the tissues.
2.2. Realistic skin model
In this study, a bio toolkit interactive script for the
ASAP from Berault Research Organization was used to
create realistic tissue phantoms for investigating optical
properties of skin as shown in Fig. 1. The stratum corneum
is the outermost layer of the skin, and its thickness isFigure 2. Power absorption of laser and volume distribution in various layer
z = 0.006342 mm (Stratum corneum); (b) z = 0.03171 mm (Epidermal layer);
surface).0.015 mm, the water is majority chromophore in this layer,
a small amount of beta carotene and protein are also pres-
ent. Epidermal layer thickness is 0.0875 mm; Melanin is the
majority chromophore in this layer, although water, beta
carotene and protein are distributed in this layer and
1.8 mm thick dermis has been used. Area of the surface
phantom tissue is 20 mm2.
2.3. Hair modeling
In this study, the three-layer models of the skin surface
consist of hair density 3 No. hair per mm2, 10 mm in hair
length, the color of hair is dark brown, hair angle 45
and 0.1 mm in diameter at the main part of the model.
Fig. 1a and b show the geometrical view of the modeled tis-
sue with shaving and non-shaving hair on the skin surface.
The hair modeling indicates the ability to model and creates, for natural hair (before shaving) on the skin surface at skin depths (a)
(c) z = 0.09531 mm (Epidermal layer); (d) z = 0.107 mm (on the dermis
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can be divided into two general categories: Natural hair,
and hair shaving. Natural hair, viewed as modeling the
shape of the hair, incorporates the geometry of the hair
and speciﬁes the density, distribution, and orientation of
hair strands as shown in Fig. 1a, whereas hair shaving
involves the removal of hair on the skin surface, creates
only subsurface hair as shown in Fig. 1b.
2.4. Laser source illumination
ASAP simulation technique is used to model light
propagation in the skin and is based on the concept that
photons can be scattered, absorbed or exit the model under
investigation (Fig. 1). The skin is illuminated with 5 mWFigure 3. Power absorption of laser and volume distribution in various layers,
z = 0.006342 mm (Stratum corneum); (b) z = 0.03171 mm (Epidermal layer);
surface).red laser diode (640 nm wavelength, diameter of the beam
is 2 mm, (Fig. 1). The simulating red light is continuously
delivered to the entire skin, creating a Gaussian beam pro-
ﬁle with the ﬂuence and absorbance of the laser measured
with VOXEL command. It can measure the energy of rays
passing within the 3D border from any direction.
3. Results and discussion
Figs. 2 and 3 shows the non-proportionality of the dis-
tributed power density of the laser in layers of the skin.
Four depths in locations were selected, at the laser incident
beam in the stratum corneum (z = 0.006342 mm), at the
epidermal surface of the skin (z = 0.03171 mm), at
the end of the epidermal layer (z = 0.09531 mm), and atfor shaving hair on the skin surface (after shaving) at penetration depth (a)
(c) z = 0.09531 mm (Epidermal layer); (d) z = 0.107 mm (on the dermis
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shaving hair of the skin surface, stratum corneum at depth
(z = 0.006342 mm) gave an optimum volume power
absorption of 0.126 mW mm3 and 0.486 mW mm3,
respectively. Then the diﬀerence between these values
above is around 0.36 mW mm3, due to hair on the skin
surface.
On the other hand, for the skin before shaving
(non-shaving skin), optimum power absorption of the epi-
dermal layer at z = 0.03171 and 0.09531 mm are 81.45 and
55 mW mm3 respectively. At the dermis surface at
z = 0.107 mm, optimum power absorption is reduced to
10.468 mW mm3 this corresponds to the essential absorp-
tion power of the skin layers. For shaving skin at the men-
tioned layers and at the same skin depths, optimum power
absorptions are 80.12, 48.13 and 8.449 mW mm3. There is
a variation in the amount of absorption between samples of
skin before and after shaving hair. This indicated that the
variation in the non-permeability of laser light may be
related not only to melanin and chromophore concentra-
tions, but also on the location and the hair factor. Diﬀer-
ences are observed in the measured permeability in light
penetration for both human skin patterns.
On the other hand, in order to assess the eﬀects of hair
on the shaping beam of the laser when it passes on the skin
surface, observations were made on the two types of the
skin model. Figs. 2 and 3 compare the shape of beam pro-
ﬁles of the divergence of radiative laser ﬂux at diﬀerent
axial locations along the layers of skin for both the skin
samples before and after shaving hair. Each shape repre-
sents the absorbed or deposited volumetric laser power in
the medium.
The shape beam variations of the shaving hair before the
procedure in laser tissue interaction in Fig. 2 are very dif-
ferent to those under the shaved hair condition in Fig. 3
as well as the magnitude of the values of the power absorp-0.01 0.02 0.03 0.04 0.05 0.0
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Figure 4. Comparison and dependence absorption power per unit volume in stion of the radiative laser. The radiation energy deposition
of magnitude was shown to be larger in the epidermal layer
than the stratum corneum.
In this study, one observes that, the largest change
and distortion in the beam of the laser were observed
in the epidermal layer. The incident laser beam was spa-
tially circular. The distortion diﬀerences in a Gaussian
beam shaping for shaving and non-shaving hair on the
skin surface were noted clearly. As shown in Figs. 2
and 3 signiﬁcant diﬀerences were found in the distortion
of a laser beam of the two models due to hair on the
skin surface. There appeared to be a change in the
uptake of the power laser and distortion of the laser
beam in the skin after shaving hair as compared to the
skin surface before shaving hair. The most distortions
in the laser beam were observed along the x-axis as com-
pared with the y-component, this is true for both models.
This ﬁnding indicates that hair on the skin surface has a
great eﬀect in changing the shaping beam of laser and
uptake power.
Fig. 4 represents the power absorption value per unit
volume for diﬀerent skin depths of the natural hair before
shaving and after shaving hair on the skin surface. One
observed that the relative dose power absorption for each
pattern varied from skin depth 0.0195–0.107 mm; depend-
ing on the hair contained and chromophore concentration.
Therefore, high amounts of power uptake were found in
the epidermal layer, this is considered a major change in
cosmetic procedures even though, there are varying
absorptions of light appearing clearly at epidermal layer,
maximum absorption is seen with other layers, indicating
that the acceleration of laser penetration in the skin with
shaving of hair is more than in skin without shaving hair
on the skin surface. The relationship of light transmission
and light absorption into the skin are inversely propor-
tional (Sever et al., 2012).06 0.07 0.08 0.09 0.1 0.11
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Figure 5. Shows the deviation of absorption power with penetration depth for the skin area before and after shaving hair.
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uptake between the samples of skin before and after shav-
ing hair. The plot shows a sharp increase in deviation
power with increasing skin depth due to hair and chromo-
phore concentration. In order to assess a relation of this
dependence, we have plotted deviation power absorption
with respect to the depth of the skin. This calculation
was performed with the Matlab package and the following
linear equation was obtained with curve-ﬁtting tools pro-
vided with the package:
Deviation ðDevÞ ¼ 1:76 z 0:044 ð1Þ
The interpretation of equation is that the deviation of
power uptake increases linearly with increasing depth and
is suggested to be more sensitive to the amount of hair
on the skin surface and chromophore concentration. Fur-
thermore, to visually compare the changes in power
uptake, the maximum uptake was found with the epider-
mal layers before shaving. It is apparent that the access
of laser transmission was increased with shaving hair on
the skin surface. In addition, the ﬁndings will help us to
improve identiﬁcation and characterization of the laser
hair removal system. The use of shaving hair before apply-
ing laser for hair removal of skin might help to reduce the
damage to the healthy tissue and to improve the uniformity
of transferring in the hair follicles.4. Conclusions
ASAP simulations were conducted to examine the eﬀect
of shaving hair on the distribution of photons absorbed in
the tissue and beam proﬁle. The laser beam proﬁle was var-
ied from the stratum corneum to the epidermal layer. And
ASAP simulations demonstrated that the most uniformdistribution of photons on the skin layers is achieved by
shaving hair before the procedure of hair removal by laser.
However, our results clearly demonstrate that application
of shaving of the hair on the skin surface will limit the scat-
tering and reﬂection of light in a stratum corneum on the
skin surface, and may therefore, increases the extent or rate
of laser transmission.
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